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a consideration of wiethods of Radio Guidance 
for "Little Ben" 


; by 
J:H. ) Mitchell 





Abstract. Two different systems are shown to be applicable to the 
problem. The first system uses a homing technique and is considered to 
be suitable for rangés of six thousand feet air t2.air, and considerably 
in excess of thie for ground to sir when the new transmitters. under 
development become available. a 


The second system. uses a line of sight ‘technique and is generally 
apolicable to all rocket guidance requirements. In its ‘simpler form the 
rocket equipment is relatively simple and all calculating circuits are 
contained at the launching site, where their performance oan be checked 
in conjunction with the rocket’ trajectory, thereby considerably assist- 
ing the development work. It has the disadvantage however, that-—only onc 
rocket at a time can use the guiding beam. 


Tt is shown that a natural devclopment of this sytem in which tho 
Calculating circuits are’ containcd on tho rocket is possible and any 
numbcr of rockets can uso the beam at ence. 


The rclativoe merits of homing and line of sight aro discussed from 
tho particular application of air to air attack ‘and it was folt that a. 
homing systum might ultim.tely prove to be the moru accuratec, although 
dumanding « slightly larger numbor of circuits on the rocket. 


Introduction. During th. past fow yoars, sovercl rather complicated 
theorctical proposuls hive been ndvanoed for guiding a rockot. on to a 
target. More recently the problum has been re-examined by Instrument 
Depertment, R.A.E. who brought Radio Dept. into the problom. Preliminary 
Cconsidorations were given to « photo-clectric method and the rosults aro 
sct svt in an R.A.E. technical note ontitled “"Photo-clcctric attachnont 
for Tittle Ben". ‘tho photo-olcctric guidance’ has now been dropped in 
favour of a Radio mcthod. ‘This Momorandum seeks to sct out the con- 
siderations that have so fer been given to the Radio Guidance. <A cortain 
amount of oxporimental work is being undertaken to check those consider- 
ations. 


The Problem. ‘The rocket inst be guided to within a range of 200 ft. of 


the torget ‘at sero range. 4. proximity fuze can be made to fire the 
war head. In general the applications are as follows:~ 


(a) Air to air at ranges of 5,000 ft. or greater. 

(b) Ground or ship to air hoving a range up to 15,000 ft. 
(c) Ground or ship to air having a range up to 50,000: ft. 
(da) Air to ship having a range greater than 5,000 ft. 

(ce) Air to ground. having a Pange grunter than 5,000 ft. 


‘If possible the control mechanism should avoid the use of angular 
aoceleromuters or gyroscopes-on the rocket due to the high necelorations 
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likely to be encountered in the initial stages of the rocket's flight, 
The rocket my carry four small wings for stabilisation and lift and 
aerials can be mounted in these wings. The space available for the 
guiding mechanism ctc. in the head of the rocket will be approximitely 
140 cueinch. A calouwl:ting circuit arrangement will be necessary to 
convert msasurement of the drift ‘of ° the rocket from its true course to 
a form suitable for applying to the controls. It might be noted at 

this point that in a guided rocket the angle mde by the mejor axis of 
the rocket to.the line of sight.is unlikely to oexcocd 10-15 degrevs. 


Methods of solution of the problem. . The methiads of solution: that appear 


at all possible fell into two catagorics, viz: o homing systom and « 
line of sight system. 





Tho relative sdvantages of these systems can only be assessed 
after consideration of the Radio possibilitics. Much of the control 
mochanism will be common to.withor Radnr Systum employod.Sever:1 factors 
must however be borne in mind when considering the systams outlined in 
later paragraphs. These factors are:- 


(a) Homing. — 


(i). The difficulty on a homing systom iS scouring ndequate signal to 
noise level, particularly in the prescenoo of the largo amplitude of 
microphony likely to be present. 


(ii) In the case of homing system the accuracy increases as the 
rocket nears.the target. 


(iii) Selective fading of the target sign:1 will give rise to 
apparent D.F, errors, which will be accentuated on applying the 
differential control needed for Tachometric homing. <A rapid rotating 
bean method of .DF is suggested and this my give some improvenerit. 


(b) line of sight 


(i) The automatic following of a target by Radar is not as yet 
smooth even when the system is on the ground as in the G.l, 

system. Greater variation would thoreforce be expectod on an airborne 
systom. 


(ii) The accuracy of a lino of sight system decroascs with inorcasc 
in range, so that any inaccuracies in sotting of tho guiding benm 
will givo rise to considerable insccuracios at rango. 


(iii) Arising from (a)(ii) to obtain accuracy the beam guiding the 
rocket on line of sight must be narrow and yot not so narrow as to 
Lose the rockct in the carly stages of its flight. 


(iv) Line ofsight may prove to be the only suitable method for 


application to requirements specified in (a) and (9) of para.3. 


Homing Solution 


5.1 Pulse Technigue. A Pulse transmitter is situated on the Launching 
site and illuminates the target. This transmitter radiates pulses of 
some 1/3 - 1/5 microseconds width at a high P.R.F. AP.R.F. of some 
2,500 cycles would appear to be possible. . On the rocket will be placed 
5 antennae . Four of these will point in a forward direction. It is 
proposed to use Polyrod acrials in order to provide the simplest systcom 
that will give satisfactory gain and sufficiently high directivity. 
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‘The four antenn:e pointing in the forward direction Will be coupled 

into a capacity, switch., This, acrial systcm an. switch have boon designed 
by Mr, Wea. Johnson but are not yct constructod. Tho degign of tho switch 
is. of considcrsble. intcrost in: that the four. acrials arc brought to a 
ring of circumference : “pproximately equal to a wave length, the aerials 
being tappud on at intervals cquivelent to approximately 90 degrees 

phase anglo. A rotating expncity arm pioks off the signal. Rotating in 
synchronism with the capacity arm is a device. to. genvrate the frequeneay 

of the switch rotation, The signal reevived from the switch is 
hetcrodyned into on I.F,.strip, is.intograted at the P.R.F. frequoncy and 
the modulition produced by. the switch is picked off by demodulation. Tho 
modul:.tion frequency will be: the: same as that producod by the switch 
rotation. Now by comp:ring-the modulation of the signal with that 
generated by the switch rot:.tion, tho phase angle enn be found und this 
Wil] give the direction of the target to the rockct in the plane carrying 
the minor «xis of the rocket, whilst the «mplitude of the modulstion 

will give the angle made by the dircotion of the target to the moijor axis 
(linc of flight) of the rockct. In order to compensate for distance of 
the rocket from tho target it is dosirsblo to «pply Automitio Gain Control 
to the I.F, strip. 


5.2 The signal strength recvived st 6,000 ft. with a 200 kw. pulsed 
trnsmittor on 9 oms. would :pp.ar to necessitate the usc of an I.F. 
strip. The design of the systan can now follow several variationsiand 
cxpcerimental werk may be necded to determine the most suitable. In. 
particular tho back to front. retio of the antennas is uncertain so that 
the extent. of .the breik through of the Illuminating ‘transmitter cannot 
be accurntoly predicted, This my clirify the uncertsintics in the 
choice of -onc.of ths fdliowing systans outlined: in para. 5.3, 5.4, 5.5 
below. Pi 





53 In cddition to the Illuminating transmitter at the launching site, a 
second transaitter of simil.r powcr c.n be used which will radiate a 
Signal. which will be reccived.on the rockct snd used in plecc of a best 
frequuncy, oscillator. The frequency separation betwuun those two trans- 
mittors will bo that of thc I.F. frequency of the rockot. The Boat 
Froqueney tronsmitter can be triggored by the illuminiting transmitter 
and idoslly would radinte -pproxim.tely 1048 pulses, starting 
immediately the 1/3u 8 pulse his been sent. The bet frequency is 
received on an. intenn: system on the rocket pointing b.ckwurds, towards 
the Lcunohing point. 


Some difficulty may be encountered in obtcining sufficient power 
from the beat frequency trunsmission if it.is;radiating 10 4s pulses, It 
is suggested in later paragraphs ee the homing guidunoe might not tike 
over until the rocket is some 2 or 3 thousend feut from tho target. In 
this ouso the pulse width need not exccod 5s. If in fact such dolayed 
control is wpplicd it reduces the possibility of u break through of. the 
direct Illuminating signil if the I.F,.is inwdoquately braised off, us in 
5.4 below. | oe 


54 Alternative propose. oh. - "Homing. Altcrnative to the proposal of pira, 
5.3 above, a backward looking antenna” receives « keying signal sent by 
the second transmitter ut. tho launching site ond this may be used to 
trigger : beat froquency..oscill..tor built into the rockot and/or bias off 
the recviver before the.A.G,C. has been brought into action. A.possible 
veriition of this, however, is to opurnte the sccond transmittor at the 
See site on a sub-hamonioc of the beat froguency, and in place of 
. beat frequency oscillator on the rockot, to focd the received sub- 
harionic frequency through an amplificr stage and then on ‘to a harmonic 
gentrator. Tho received signal sfter cuplification can be used to 
sensitise the rocket receiver, This latter systom is by no means as 
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complicated, as might be supposed in. view of the amplification now 

- possible at say 50 cams., nd has. the distinct advantage that the Beat 
Frequency .can..be .aocur: tely linked wigh illuminating Frequoncy at the» 

launching point.: . 


5.5 Secona . iLtex Liezneiive proposal ~ ~ Homing. Tho direct re@ic tion from the 
| Dlumin.ting transmitier might be rugoived vither by breik through on the 
forward looking antennae or.on @ buokward looking antcnnx. on the rocket 
and uscd to trigger the recoiver to.e stuta of high sonsitivity in 
antioipn tion of the reflceted rdi..tion for the target. This systean his 
the advinti.ge tht oniy one transmitter is.uscd at the launching sito, 
but has the disadvantige th.t the rockct in the owly stoges ef its flight 
may go outside « nirrow illuminating transmitter beom. 


5.6 Scloctive f:ding. In thu considor:.tions of tho controls on this 
systum « difficulty ariscs due to the presence of sulcotive f:.ding which 
may give rise to a large diffcrential cocfficicnt which would possibly 
spoil.« purcly tachomotric homing. . It must howcvor .lso be borno in 

mind that on a rocket of some.6 ‘inch diameter, D/F acouracics of 

botter than.1/2 to 1 degree up to angles of + 10 degrees are peer 
unlikely to be achieved. Sclostive f:ding and noise will prove most 
troublesome in tho mexey s sta ages of tho rookct's flight. At lator stages 
when the rockct is, say, loss than 2,500 ft. from tho targot orrors 
arising from this causo are likely to be comp:.rable or even less than 
thosc inhcrent in tho D/F systom itsclf. The accurney of control is 
thorefore likely to improve stoadily os the rocket approaches its target. 
In order to prevent any crrors.duc.to these causes seriously deflecting 
the rockct, particularly «at tho longur rangos, it is desirnablo to 
introduce a control which can ovorride tachomotric homing when the angle 
of the targcot to the lino of flight of tho rockct. becomes too large. 

This control may be mado proportional to say the cube of the snglo botweon 
‘ the target «nd tho line of flight, and be of such a m.gnitudo as to 
ovorrido the tachometric control ut angles say in excoss of 10 degrues. 


5.7 Range on a Homing System. Ranges hove beon considered on this systum. 
The gain of a Polyrod sceri:.1 can bo estimated in een with the 
proposed capacity switch, and if it assumed that « powor of souc 200 kw. 
into a 28 inch Parxbola at 10 oms. is «aviilablo, it would sppoar that 

an adequate signal to noise ratio cun be obtained for ranges up to 

6,000 ft. For ground application the probable introduction of higher 
poworod transmittors now under dovelopmunt for the Admiralty , and larger 
parabolas should onable ranges up to 15,000 ft. to be cchicvoed. 


6.0 Homing Solution.  Froquoncy Modulition. The possibility of using 
Froquenoy Modulstion should not be overlooked. Since the direct and 
reflocted sign-ls may bo used for producing the boat frequency no 
special triggering device or Buut Froquency Oscillator will be roquired. 
Tho transmitter as beforc in para. & would be contained at tho launching 
Source. Since only one target is involvod, sinusoid: modulation can be 
cmployed. The output from the mixing stugo can bo passod to an A.F. 
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-emelifier to which A.G.C. of ‘suitable time constant can be applied, and 
the output demodulated to the switching frequency. The main disadvantages 
of the scheme «ure that it opex.tes at zero I.F., «nd so is very prone to 
microphony-and that “bonding noises" are difficult to eliminate. Nover- 
the less, it does offer cénsidurnble possibilities of producing 4 system 
with relatively few valvcs and comparatively low power consumption. A 
range of xpproximatuly 6000 ft. hus beun obtuined on airersft on this 
systom at 80 oms. and since thon tho teehnique has boun considernbly 
‘improved. Thu-primary difficulty in-pushing tho investigution further at 
this stige lies in the fact that no suitable 6... transmitting valve which 
Could bu frequency modul:.ted, onpable of radiating somc 30 watts or moro, 
is available in production. Seg 


7.0: Linu of sight solution. Transinittor on Rocket. In «ll lino of sight 
solutions « complicition arises duc to the rotation of the rocket «bout 
its mayor uxise. «hilet e. gyroscope. would solve this problam und considcr- 
ably simplify the radio installation the high «cceleorations in tho 
initial stagus of the firing of tho rockct nesussitatu very high workm.n- 
ship und skill in obtaining the requisite beinnce in the gyroscope 
mechanism. | 
which does not require a Gyro, 

A solution cen be found, how ver,/cnd in its simplest form roquircs 
a tranemittor on the reckut which o.n be suitibly’ moduli.ted, or altor- 
natively two trunsmitters, cnd i. simple recciving systan, Whilst on tho 
ground « reovivitig systan, “Culeul:.ting box* snd transmitter org necdcd. 


7+l On. the rockut is placud « transmittcor fouding dirooetly to an sntconn... 
Tho tranunitter on be suitably modul:ted in ony simple munner. This 
transmission is D,P'ed at the leunching site by cither a split beam 
system, or :. rotating beuna which for simplicity, c:.n be regarded as 
consisting of four aerials in a purnbols. feeding to a rotating caprcity 
switch. If the rot:.tion of the rocket c.n be followed, lincur polxrisation 
on both the roéket and ground conn be used, otherwise circular polarisation 
cin be advantagequsly, anplegcd., The output from the D.F, reoeiver is 
passed to a “exalculating box" which undertakes any intrioate calcul:.tion 
necessary to guide the rocket. Tho output from the “eoloulating box" is 
then passed as a modulation to a transmitter, “This transmitter can 
advantageously be a pulsed transmitter in which the P.R.F, is modulated. 
On the rockot is placed a simple ruccivcr which intogratos at P.R.F., 
picks off tho modul:tion and pisses it to the rocket controls. 





7.2 Tho primary difficulty arises from the fact th.t tho rocket rotates. 
If a gyroscope is availiblo for tho rockot, the rotation can bo mado to 
modulate the trausmitver and automatic follow-up of thu rotation bccomes 
very gasy. ; . 


7.3 In the caso where o suitablo gyroscope connot bo made »vaileblo 
there would appoar to be two solutions. The first assumes that 
continuous reception is miintsained from the rockct. A crosssed antonnao 
system is provided at the launching point snd reccivos tho radiated 
linearly polarised transmission from the rocket. Tho signals reoecived 
on each of the crossed antonnac are comp..red in amplitude ond tho rotation 
of the rocket followed. The myor difficulty of this system lies in the 
180° sembiguitivs that arc present, so that continuous follow up of the 
rotation of the rockut is’ essential. Fortunately it is not anticipeted 
that this rotetion will inhorently bea rapid or should it be too fast for 
muchanionl following 2 cortein anount of stabilisation is possible by a 
simple and relatively inaccur te gyroscope operating directly on a form 
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of  aleron. conirol. . Under this arrangement the receiving antennae 
system at the launching point might wholly be contained in one parabola 
Witii « relatively simple triunsinitving aerial. - 


7-4 EFossible use of an J.F.F. technique.: .n alternative arrangement of 
this solution is one in which « specin] form of I.B.F. set is placed on 
the rocket, the IL.F.F. transmitter replacing tho cw. transmitter outlined 
in the previous parngraph.... Tho advantage lics in the possibility of using 
common antennie for transmit arid receive, although .« few more valve 
cirouits will be nocessary in this arrangumont both on thu rocket «nd 

the. launching site, ae Raa he . 


7-5 Rosolution of Rot:.tion of the rockut, The sccond solution to tho 
difficulty given in the first sentoncs of purr.7.3 offors tho possibility 
of resolving the 180° «ambiguity in the determination of the angulsr 
rotation of the rockct ind ..t the samo time removos. the necessity for «, 
continuous fol. ow up of thu rotation. 2M; ee 


In the first instanéd assume that two transmitters aro’ placed on 
the rockot. Tho first, as befére, fucds into « simplo antenna. The 
second transmitter fusds into . rotating switch which in. turn fcods four 
antenn:.c.. This: arrangement is designed to give offcotively « rotating 
polar ditigram. On the sccond transmitter is. pl:.ced a inodulation which is 
generated from the rot:tion of the switch, and which c.n most conveniont- 
‘ly be frequency modulation.. At the laumehing site thu scoond trmswission 
is received on .. suitable acrial snd the modul:.tion obtained fran tho 
“rotation spevd of the. switch (frcuquoncey modulation) separntud from thi:t 
-producod by thu rot:ting Untonniic -(emplitnde and ae hate The smplitude 
modulntion and :lso the phise moduli.tion- can thon: be measured, 

On thy: launshing site there is now available sufficient. information 
to give the back bearing of the souree as soon by tho rockct and the 
forward buaring of the rocket us scen by the souroc. Comparison of the 
former with the difforential cooffisient of the lattor gives tha roll ~ 
angle of the rocket. 


Thoro is however, on ambiguity which arises for the 
particular conditions when the major axis of tho rockot passes through the 
launching point. In goneral this restriction is not likely to cause 
any marked disadvantago sinee thero is no need to attanpt to control tho 
rockot if it is on the lino of sight. If it is flying with its major 
axis miking a constant angle with tho line of ‘sight correction for the 
distance it is’ off course will bo eppliod; but this correction might bo 
in error by 180°» In cithcr caso the rocket will be moved from its 
previous lino of flight so that any orrors can bo immediatoly rectificd. 


7.6 Simplification of the systom of para.7.5. At first sight, the 
addition of this sucond transmitter might appear to cause more 
complication both to the rocket and tho launching site installations 
than the previous systam, whilst a systum of interlocked pulse trans- 
mission can be envisaged; a possible simpler solution can be mado ona 
C.W. technique. A singlo frequency modulated transmittor is placed on 
the rocket, tho modulation frequency being that of an antennae switch. 
Tho output from the switch is fod to four antennae to give an 
offectivoly rotating beam. At tho launching site this transmission is 
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received on.a, rotating besa aerial system, the rotating frequency 
bearing.no direst relationship to that of the rocket switch. The out- 
put from the launching site switch is fed to a receiver in which are 
sopareted:out:- (.) the frequency modulation of the rocket transmitter, 
(b) the modul..tion prodyced by the effective rotiiion of the rocket 
antennie, (c) the modulation produced by thu effuetive rotation of tho 

DF. antunnag.:t thu lwanching site, gnd (@) a frequency dircetly 

_produccd by thy rot:.tion,of the D.F, switch at the launching sitc. The 
fruquceneivs of (a) and (©), can now be compared for phase modulition, ond 
that of (b) for wsaplitude modulation, whilst the frequencies of (¢) and 
(a) oan be compared for « sucond sut of phise and smplitude modulation. 
A, Suitobly dusignod "caleulating vox" can now presunt tho correct 
-infors.tion to « sunding transmittur ot thu leunching site for trans- 
mission to « receiving antunns. on the rocket, so that the control 
mech: nism.o.n be opexrited. vin « simple rceciver,. 


U& 


Tt will be soon therefore that, this system my not result in an 
unduly. complie.ted roekct or launching site assembly. Gre must be 
exorcised over roouption of tho requircd polerisition, and unwentcd 
polarisation effocts must bu climin.tcd, The major difficulty with the 
systum might lio in intor:.ction betwen the two sonnning Proequoncics 
which- might result in orrors in the solution of the differential oqua- 
tions. If tho rocket frequency of "sein" o.n be maintsined sufficicntly 
constunt. those. difficultics wevld. appear to hie streightforward 
resolution. 





8.0 Linc of sight solutien, Recvivors only on the rocket. A solution 
onan radily bo obt:.ined after consideration of tho foregoing in which 
only reecivors, re nvcuss:ry on the rockot, «s follows: = 


8.1 In the first solution the trensmitter ut the leunching site foods 

« Switched.antcnna systom, This trnsmittor is suit<bly modulated 
(cither P.R.F. or Frequency Modulation) to give tho phase of tho. . 
switching systom. Tho switching of these antonnic can prefer:bly give 
the semblance of a roti.ting beam, or as a. sccond alternative two crossod 
split beams. On tho rockot.arc placed two acrials at right angles. The 
rocket can determine its position from the phase and amplitude produced 
by the switched system and.can follow its rotation by comparing the 
output from the crossed aerials. In this case for correoting for 
rotation of the rocket, it would probably be easicr to corroct the 
rotational tendancics of the rocket itself rather than by any intricato 
mechanical follow up systan. In ordor to dcvtermine in which direction 
the rockct must change its course, calculating circuits, formerly in tho 
“calculating box" at tho launching sito, will now bo required to bo 
transforred to the rockct. 


8.2 Tho altornutive to the system outlinod in 7.1 is to replace tho 
receiving crossed dipoles with an offcctivo rotating acrial systom, 
whose speed of rotation boars no direct relationship with the rotational 
specd of tho transmitting system. In the recciver the various 
froquoncicos aro separated out as for the system outlined in parn.7.5. 
The computation is possibly more difficult than for tho system given 

in para.8.1 but there is no necd to correct for the physical rotation 
of the rocket unless this proves to be simpler than the calculating 
mochanism. 


9.0 Acrial switching spcods. + should be noted that in the beam 
rotational systoms of para./7.5 and 8.2 * ~' the spod of switch 
rotation must be sufficiently fast to enable adequate smoothing to be 
applied before passing to the.calculating circuits. Tho rapidity of 
response of the rocket to its control system doterminos the time that 
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can be taken in the calowlating circuits and therefore the minimm 
rotational speeds... For genernl purposes it would appear:advisable to 
keep thé rotational speeds greater than five times that.of the time 
constant of the control system. It is anticipated that the most: rapid 
control systun time constant will be 1/50 ses. to 1/100’ seo. 


10.0 Discussion of tha foregoing systems. ‘the relative merits of the 
syotoms propos.d orc, not eo sy to assess from tho standpoint of univorsal 
spplication, ind.it is. most probable that the various applications will 
demand different systunas. | 


For example, air to ground, air to ship, ship to ship ete. will 
almost certiinly opers.te better on « liny of sight system. 


10.1 In both line af sight and homing Dirvetion finding errors will be 
present which will cuuse inecourcius in the calouliting . netvork. In 
the oase of line of: sight a D.F.‘ urcor is presont in outomitic locking 
on systans and in the case of « moving launching source duu also to 
instability of the leunehing base. These trrors amoynt to ¥ 4 dogreo 
or morc, (viz: RAMD.E, reports on GL.) with the rate of ch:nge-of the 
D/F inaceour.cics' depending upon the type of equipment omployed. Tho rato 
of chiungo of ..nglo-will clso bu influcnced by tha’ stability’ of the 
launching pl-tformm. At « range of some 6,000. ft, this my become 
serious ond ian overriding "angular" cerrcetion should be appliocd when 
tho ..otuel D/® :.nglo becomes large. mi pees 


In the caso of homing, i Similar crror is produced dug to. 
scloctive fading, but hore it my bo omected that tho D,F. orror bocomcs 
less apprecinble os the rookct appro. ches tho targot. It my be 
@osireblo thereforo in « homing systcm to put a time lag in the rocket 
-reecivor so that it is only brought. into oper:tion when the rocket is 
some 2,500 ft. from the target. Since thy Jaunching orror and pre~ 
diction of the target position is unlikely to bu in orror by more thin 
2 dugrees the rockct will be in « position when the homing is brought 
into offcot where the .ngle subtended to it by the target can bo lirge, 
and yot tho rockot be. still sufficiontly on course to mike 4 successful 
homing. At this point, the rato of change of the D.F. angle will be 
liurgo in comp.rison with the rate of chingo of the DF. orrors. 


An cddition.1 fuctor likely to influcnoe the D/F error is tho 
vibration of tho ccrial syston on the rockot, It is well known from 
experiences with proximity fuses that microphony in bombs cnn be large, 
and from this it might bo enticipavted that the D/F systum on tho rocket 
may not be wholly froc from this trouble, If the vibrution froquoncics 
are high it may bo possible to smooth thom out. Tosts will bo novdod, 
however, to ascertain their magnitude, This disadvantago will opply 
equally +o homing and to lino of sight whure D/F antonnac sre used on 
tho rocket. 


10,2 ‘The sizo of the equipment to be curriod on the rocket. The 


comploxi ty of the rocket oquipmont might woll influoncs the selection 
of any one systom. It is desirable thorofore to ustimate for the various 
proposals. 


‘(c) Homing, Since range is not required ij is only nocescary to 
cmplify at tho I.F, frequency until clear of microphony otc. and 
thon to integrite to the P.R.F. wheru gain wil} be vuadily achicved. 
The oquipnent will consist of 4 four of five antonnae systoms, a 
rotating switch, Xtal rectifior, ond como 1 velvos. If minicture 
velves are used tho HT powor consuaption will be somo 80 millisomps 
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at 250 volts. If midget wiblwes are~wsed the consumption might be 
lower. The equipment can be reduned to the requisite size, but my 
weigh bout: 5+6 lbé. - | | ; 


(b) Line of sight - Coloulation on the ground. 
(1) Continuous. following of the rocket rotction, ° The equipment 
onthe rocket would consist of « trensmitting volve and a two or 
three velve reeciver. . power consumetion of 4O‘illiamps «©.t 250 
volts should be adequte. 


(2) automatic determination of rocket rotation. The equipment 
of 1(b) will be complicated by the addition of « complex antonna 
system, <. roteting switch and possibly one more miniature receiv- 
ing valve, 


3 Line of sight = cvloulition in tho rocket, ‘The oquipment for 
b){2) sbove will be required togethor with oleuls.ting circuits. 
Tt might be anticip.ted thrt somu 6-10 valves will be reguirca with 
an H-T power consumption of 60 m.A. © 250 volts. 


10.3 herits of the verious line of sight systans. The rolative morites 
of the various linc of sight systons ro not casy to osscss. It my be 
considcrod thit tho virious systoms show a gradu.) ovolution from a 
relatively simple systom on tho rocket to «. complicated onc. The 
primiry disadvantage of the simple rockot arrangement is that only one 
rockct «+ a time Gon be guided on the bom, but to offset this tho 
oguipment purformance a.n be studicd minutely since dctailcda mensurancnts 
on the performance of the whole systam can be chucked agiinst the 
dynumics of thu rocket. The systum in which oxloulating is performed on 
the rockut follows very nvturclly from the launching point oquipment 
development, and on tr:nsposing the erleul:ting circuits the nucessi ty 
for tr newisoion from the rocket is ranoved nnd more than one rookct 

Gin be suided simultsncously on tho bewm. 


10.4 Note on the rotating boum. Throughout this momor.ndum preforence 
has boon given to x» rotting berm systua, over two split bows ut right 
sngles. It apposrs to the writer the systuna,is likely to prove more 
accuratu, gives a smoother control, reducce the number of vives by 
boing ablic to common emplifying stages ote, and 1 stly has ». very gro:t 
udvantago in meking use of all four corials at tho sic time to obtein 
the bonring, and so providos groator grin and dircetivity. Tho rotating 
Swi yon now under development will be fully duscribeod lator in a technical 
10.5 Jeming. Thore would eppoar to be little to chossc betwoun line 

of sight and homing systoas in tho pros cnee of window. Tho tactics to be 
omployed by the attacking oireraft vory with tho two systoms, but the 
pesult is about oqual on both. 


In the caso of « dcliborste jomming transmission the line of 
sight may bo seriously affoctod. Firstly the guiding bon may be 
deflectcd, sccondly the jemiing transnittor may break through on tho 
norials and produce duvastating results in the control calculating 
circuits. In tho ease of homing tho position is much more ossy for the 
rocket will proceed to hame on the new Signnl kindly provided by the 
targot. 


11.0 Conclusions and recomendations. It would nppoar to bo certain 
that the guiding of © rocket enn be carried out on both a homing and a 
line of sight principle. Experimental work is of ocourse neecssary to 
dceide the oxact technique aaployed. It would also sppoar to be 


desirable to work on both systons. In viow of tho relitive simplicity 
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of the line of sight. in. which calevlation is “undertaken at the 
launching site it would be advisable to go for this on the highest 
priority and thereby to determine the control characteristios for 
the rocket at the earliest possible date. Purthermore the systan, 
would find service applications ; 


At the same tims, on « lower priority, work should be started 
on Radar Homing as for air. to air work. This is likely ultimately, to 
prove a.more accurate solution than line of sight. 
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